Nerve-sparing robot-assisted radical prostatectomy has decreased the post-surgical complications of prostate surgery, but has not eliminated it. The ability to view the microstructure will enable better surgical decisions and lead to better post-surgical outcomes. An ideal imaging modality should provide rapid image acquisition, be low cost, and be specific to the tissue being examined. This article aims to review the current literature to compare three main techniques: multiphoton microscopy (MPM), optical coherence tomography, and confocal microscopy, to see which of these techniques may be best applied in surgical procedures in the future. Embase and Medline were used as the primary databases. Combinations of various key words were used while researching the literature. These included: "Radical prostatectomy," "nerve-sparing," "nerve mapping," "multiphoton microscopy," "Confocal microscopy," and "Optical Coherence Tomography." Thereafter, the relevant results were selected and used in the review. Although optical coherence tomography is a low cost and compact modality, it lacks cellular resolution, while confocal microscopy offers great cellular resolution but lacks depth. MPM, on the other hand, provides sufficient depth and produces high-resolution images. The limitation of MPM is its lack of portability, however the advent of dual-modality MPM may be a way forward.
Introduction
Since its introduction [1] , the treatment outcomes of radical prostatectomy (RP) have continued to improve, particularly with the advent of robotic surgery at the start of the 21 st century [2, 3] . However, in an era of patientcentered care, the spotlight has fallen on the post-surgical complications, namely erectile dysfunction (ED), which has very serious physical and psychological effects on men.
Post-operative erectile function varies between 15%-87% of cases. [4] An important reason for this is the inability of the operating surgeon to identify and preserve the neurovascular bundle (NVB), worsened by the high level of variation of the microscopic cavernous neural tissue involved in erectile function. [5] It is, therefore, of great importance to be able to view the NVB, a collection of small blood vessels and nerves involved in supplying the penis to facilitate an erection, which runs posterolateral to the prostate and is in close proximity to its capsule. [6] Due to their close proximity to the surface of the prostate, the nerves are prone to injury during dissection surgery. [7] Moreover, the nerves involved in human erectile function take variable routes in different patients. [5] There are various neuronal damage mechanisms (reversible and irreversible) that can occur during RP. Neuronal damage mechanisms are broadly classified into five different grades (76). [8] Grade 1 is neuropraxia; Grade 2, 3, and 4 refer to the severity of axonotmesis (axonal damage); and grade 5 refers to neurotmesis, where there is complete nerve and nerve sheath damage and where spontaneous recovery is unlikely. [9] To minimize the risk of nerve damage during nerve-sparing robot-assisted RP (RALP), a number of hemostatic agents have been tried, such as Floseal®. However, Martorana et al. [10] reported that the use of Floseal® is detrimental to long-term erectile function recovery after nerve-sparing RALP. Therefore, a reliable and tailored approach to sparing the NVB during RP should be developed to reduce the rates of ED following RP.
Currently, stereoscopic magnification does not provide satisfactory enlargement to view the delicate microanatomy of the nerves surrounding the prostate. [11] Thus, real-time in vivo techniques are required to provide high-quality images without obstructing the view of the surgeon. An ideal imaging modality should provide rapid image acquisition, be low cost, and be specific to the tissue being examined. This article reviews the current literature and compares three of the available techniques: multiphoton microscopy, optical coherence tomography, and confocal microscopy, to assess which of these techniques provide for better appreciation of the NVB, with the goal of decreasing post-surgical ED.
Multiphoton microscopy
Multiphoton microscopy (MPM) is the most studied modality out of the three in question. In MPM, samples are illuminated by near-infrared light. Each molecule absorbs two or more photons simultaneously, causing excitation of its electrons and consequently generating two types of emissions known as intrinsic tissue emissions: Auto-fluorescence (internal fluorophores, namely, NADH and FAD) and Second Harmonic Generation (SHG). [11] These emissions enable the detection of microscopic details that are otherwise difficult to see. This is an advantageous characteristic of MPM as it does not employ external dyes for labeling, which mitigates any toxic effects caused by the dyes.
Various studies have looked into the feasibility of MPM to effectively localize and track the course of a nerve. Yadav et al. [12] carried out an ex vivo study in which the prostates and cavernous nerves of 10 Sprague-Dawley rats were excised. Auto-fluorescence and SHG signals were collected, merged, and color-coded for better appreciation. The images were also correlated with histopathological slices using hematoxylin and eosin stain. They concluded that MPM was able to identify nerves and surrounding tissues and that it correlated well with the histopathology sections. Similarly, Tan et al. [13] also demonstrated that MPM images correlated strongly with histologic sections. Moreover, they were able to track the course of the nerve to a deep level (up to 500 micrometers) into the tissue as optical slices were taken. [13] Although the two above-mentioned studies are promising, they were conducted in rodents, in which the nerves lie on the surface and the anatomy is clear and distinct, unlike the human anatomy, where it is difficult to view the nerves on the surface of the prostate due to intervening fascia. [14] In 2011, Tewari et al. [15] performed prostate imaging on 95 patients who underwent robot-assisted radical prostatectomy. Two types of samples were used: excised surgical margins and biopsies as well as sections from the excised prostate. The images were then cross-checked with histopathology slices, similar to the animal studies described above. The study concluded that structures such as blood vessels, connective tissue, and fat could be viewed with great clarity using MPM at low magnification. Nerves could also be traced by producing both lateral and vertical optical sections, resulting in the visualization of deeper tissues, thereby reducing the need for excision and biopsy. The images also matched their corresponding histopathology sections, illustrating the accuracy of the MPM system. Moreover, the authors also demonstrated the use of MPM in identifying benign and malignant alterations. [15] It was possible to distinguish between benign inflammation and more serious pathologies, enabling better-informed surgical decisions with regards to tissue removal. Another study conducted on human cadaveric prostates and peri-prostatic tissue set out to create an atlas of normal tissue appearance under MPM, suggesting that it was possible to appreciate prostatic architecture at both the glandular and cellular levels. [16] Durand et al. [11] looked into the possibility of using MPM in real-time during surgery. For their study, they employed Sprague-Dawley rat models to identify prostatic and periprostatic tissue. Initially, images of the right lobe of the prostate and surrounding tissues were acquired. About 15 days later, another procedure was conducted and similar images were taken. Finally, the rats were euthanized and the prostate and its surrounding structures were excised and sent for histology. The left prostate lobe was used as the control. The study concluded that there was a clear identification of the peri-prostatic neural tissue and other surrounding structures and the images were reported to be stable between the day 1 and day 15. No other complications were reported as a result of the imaging process. This illustrates that MPM is an effective tool in providing in vivo real-time images. Moreover, the study also looked into the phototoxic effects of MPM, namely, the concerns of tissue damage by the laser used during the procedure. There were no abnormalities found between the two lobes, which reinforced the lack of photo-toxicity in MPM. [11] Nevertheless, a more indepth post-surgical nerve function test should have been carried out to ascertain the phototoxic effects of MPM.
Despite these results, a few considerations have to be made. There was a possibility of a motion artifact occurring due to respiratory movements in some of the rats. Therefore, in some cases, the anesthetic had to be raised and changed to a stronger agent. [11] As trials have not yet been carried out on humans, it is not clear whether the artifacts will be present in humans or not, it can be argued that the rat anatomy is more compact as compared to humans, hence, there may be no motion artifact.
Advantages of MPM
The distinct advantage of MPM is its ability to generate highresolution images without the need for exogenous labeling. [12] These findings are supported by another study on human prostate and peri-prostatic tissue, where the authors confidently concluded that MPM provides high-resolution images without the need for external labeling, and that it is not phototoxic. [15] In addition to this, images need not be processed post-acquisition, therefore, it is possible to image both fresh and unstained specimens. There were no reports of tissue damage from previous studies. [17] From the study above, it is evident that there have been no complications post-surgery when MPM has been used, implying that its integration into surgical procedures will provide surgeons with added accuracy during operations.
Limitations of MPM
Although MPM has shown great promise in ex vivo models, there are still some possible challenges to its use in vivo. It has to be miniaturized so that it can be integrated with modern robotics. This may have further implications on increased costs when looking to include it into a system for robot-assisted radical prostatectomies. Moreover, there will be an additional cost of training the staff to use the imaging modality properly. [15] Signal interference by blood loss and fatty deposits may also be a challenge in real-time application in humans, although there were no reports of this phenomenon in rat models. [11] Image acquisition is also slow, with an image rate of 1 frame per second. Further, imaging uneven surfaces may prove to be a limitation. [11] However, surface contact is not needed at lower magnifications. As the equipment gets developed better, it would be possible to have probes that will acquire images at a faster pace than the ones used in the studies above.
Optical coherence tomography
Similar to MPM, optical coherence tomography (OCT) also provides high-resolution and real-time images. OCT works on the same principle as B-mode ultrasonography, but it employs near-infrared light as opposed to the sound waves used in ultrasonography. [17] A 2-D map of the tissue microstructure is made by illuminating the tissue with near-infrared light. The backscatter produced is collected and its intensity is analyzed. [18] OCT has been studied in the past for its potential use in various procedures such as cancer detection, optical biopsy, and organpreventing resection. [6] In the present study by Aron et al. [6] , the possibility for OCT to identify NVB during laparoscopic and robotic-assisted RP (LRP) was assessed. Between November 2005 to November 2006, 24 patients underwent LRP. The study used the Niris OCT probe to acquire in vivo images of the prostatic and peri-prostatic tissues. Following the excision of the prostate, images were taken again of the remaining structures in vivo. Ex vivo images of the prostate were also taken, which were used to determine the presence or absence of the NVB. The study demonstrated that it was possible to identify the NVB during LRP and also to differentiate between neural tissue and other tissue types using OCT. The authors advised the need for a follow-upappointment at 4 months post-surgery to determine an intact erectile function. [6] The study conducted by Aron et al. [6] pointed out a few limitations of the OCT system. These included its limited capacity to image deeper structures, difficulty in differentiating between the types of tissues (adipose, lymphatics, and small blood vessels) that mimic nerve cells, and imprecise placement of the probe on the tissue. OCT, therefore, requires a high level of expertise and training.
In another study conducted by Fried et al. [14] , the Niris OCT system along with the 8fr probe was employed to acquire realtime images of 6 male rats. Histological slices were taken for comparison and electrical stimulation was used to localize the cavernous nerve (CN). The CN appeared as a high-intensity linear structure overlying a less intense glandular prostatic structure. [14] They demonstrated that it was possible to track the course of the nerve by placing the probe at various angles. However, this study also reported limitations to the use of OCT. One restriction is the lack useful information after a depth of 1 mm is attained, even though the system that was used can attain a depth of 1.6 mm. [14] However, they argued that the OCT system used in this study belonged to the first generation of the machine, and possible developments in generations may provide better depth and clarity in the future. A similar study was conducted by Rais-Bahrami et al. [19] , where they imaged rat models in vivo and thereafter acquired images of ex vivo human prostates. They concluded that OCT lacked consistent contrast when imaging the human prostate, which was likely due to the overlying prostatic fascia. Improvements in the quality of OCT images are necessary for clinical use. However, a study by Chitchian et al. [20] demonstrated the use of image algorithms for better image outcomes. Such techniques involved edge detection, segmentation, and wavelet denoizing which led to imaging of deeper structures, differentiation between different tissue types, and noise reduction, respectively. [7, 20, 21] 
Advantages of OCT
The unique benefit of an OCT system is its low cost and its ability to produce high-resolution images. [19] In addition to this, it is also portable and compact, therefore, it can be easily integrated into laparoscopes or robotic systems without obstructing the surgeon's surgical view. [14, 19] It is also possible to distinguish clearly between neural tissues and other structures. [6] However, it has been argued that rats have less complicated prostate and peri-prostatic anatomy, which is not the case in humans due to the presence of intervening fascia. Therefore, OCT may have problems when imaging deeper tissues in humans. However, quality image processing can potentially overcome this. [7] Limitations of OCT Despite the use of OCT in preclinical studies, it has some drawbacks that must be overcome for it to be used in the operating theater. There have been issues with respect to poor resolution of images as compared to histology slices and low depth penetration, which may have unfavorable implications in tracking the course of the nerve. [14] This is made worse by other structures mimicking neural tissue. [6] A more accurate method of probe placement on the tissue needs to be designed, so small adjustments can alter the imaging field. Finally, it is expensive to acquire the expertize and training to use OCT during RP.
Confocal microscopy
Confocal microscopy (CM) involves the use of exogenous fluorophores to identify tissues. Fluorophores can be administered either systemically or locally [22] and can be selective for cells of interest, such as nerve cells, which can take up the fluorophore and subsequently allow the user to track the nerve pathway. In addition to this, they may be conjugated with other biomarkers, thereby enabling the detection of altered tissue architecture. [23] Fluorescent labeling (antegrade or retrograde) can be used to label axons after administering intracavernosal injections, to enable intraoperative imaging. When applied locally at the base of the penis, the fluorescent dye travels through a retrograde transport mechanism along the nerve. [24] In their study, Boyette et al. [25] used a Cellvizio fiber-optic confocal fluorescent microscope (FCFM) to obtain in vivo realtime images to visualize the CN of male Wister rats following intracavernosal injections. The dye used was a cholera toxin subunit B-AlexaFluor 488 (CtB-488), a dye made by conjugating AlexaFluor 488 with cholera toxin. [26] The probe was directed on the nerve and moved along its length, while simultaneous real-time images were acquired. To determine if the imaging method had any adverse effects on the CN function, electrical stimulation of the nerve was performed and intracavernosal pressure was checked.
The study found encouraging results in that they were able to visualize the CN for up to 9 days after the initial induction. There was no evidence for the presence of the dye in the nerve at 10 weeks after the initial induction, although there were some traces found in the major pelvic ganglion. [25] Assessment of apoptosis was also carried out and the results were negative, with no presence of lipid peroxidation. Encouragingly, no adverse effects on the rats' erectile function were noted. [25] However, there are still some concerns about the use of CM. The dye used in our procedure reached its optimum level after 9 days. The exact time it will take in humans is unknown, but it is speculated that it may take 38-45 days as the human nerve fibers are 5 times longer than that of rats. [26] In addition to this, there are no published data on the effects of CtB-488 on humans; its safety will need to be ascertained before it can be used clinically. [27] The authors also mention that there was a poor surgical view while using the probe, which may hinder the procedure. [25] These challenges need to be addressed before its use in surgery. Nevertheless, Lopez et al. [28] carried out a recent study involving 15 patients undergoing robotic-assisted RP. The images were produced in vivo and confocal video sequences were acquired. The findings were also correlated with histopathology specimens. Excitingly, intraoperative CLE of the NVB before and after nervesparing dissection revealed both intact dynamic vascular flow and axonal fibers. They concluded that confocal laser microscopy was feasible and safe to be used in vivo during robotic-assisted surgery, but that a study with a larger sample size would be required to thoroughly assess the benefits of CLE during RARP. [28] Advantages of CM Fiber-optic confocal fluorescent microscope has been used in humans during bronchoscopy to detect alterations in the basement membrane. [29] One aspect of FCFM is that it provides readily interpreted images, since it is able to identify the labeled nerve and no other tissue (such as connective and adipose tissue), thus eliminating doubts as to the identification of the imaged structure. Moreover, this type of imaging offers portability and adaptability to the current endoscopic equipment used in prostatectomies. [22] Limitations of CM One limitation is the lack of depth offered. According to Ponnusamy et al. [26] , OptiScan had a confocal microscope in clinical trials for prostatectomies, using a fluorescein dye they achieved a depth of 2 micrometers. This superficial examination using the confocal microscope may not prove useful in humans where the fascia can be obstructive in imaging techniques that require fine magnification. Another limitation is the use of a dye locally, allowing only one nerve fiber to be labeled at a time, which means that the microscopic CN fibers may not be labeled. [24] 
Discussion
Radical prostatectomy is considered the gold standard in surgical treatment for organ-confined prostate cancer. [30] Postsurgical complications such as ED are still present despite the use of nerve-sparing RP. The main imaging techniques highlighted in this review may provide effective methods to overcome ED (Table 1) , thus enabling better outcomes for the patient and reducing treatment costs. Despite the three modalities having the capabilities for imaging the nerves responsible for erectile function, there are currently some limitations that need to be addressed prior to their clinical application.
It is evident that OCT is a low cost system that is portable, compact, and provides better depth (1 mm) in comparison to the other modalities. [14, 19] However, it lacks cellular resolution, which may allow different tissue types such as small blood vessels to mimic neural tissue. [11] This is not a problem in CM, which allows greater cellular detail as it uses dyes that target specific tissues, but it lacks depth. [11] Hence, making an image from the CN is more difficult because of the intervening fascia in humans. This is not the case with MPM, where sufficient depth (500 micrometers) and good cellular detail are available. [13] In addition to this, it was difficult to identify a point-for-point location on the OCT in comparison to the histology, although this was not a problem in MPM. Similarly, CM used exogenous dyes, which have a questionable effect on humans. [6, 27] Furthermore, some dyes that label the myelin sheath may not be able to label nerves that lack myelin, such as the smaller nerves involved in erectile function. [26] This, however, is not a problem for MPM, which uses intrinsic fluorescence. It also provides a high resolution such that cellular architecture such as prostatic acini can be identified, allowing its possible application in detecting malignant alterations with certainty. [11, 15] Multiphoton microscopy does stand out better than the other modalities discussed, however, this is not to say that MPM does not have any limitations. There is evidence of slow image acquisition in MPM as compared to CM (1 frame/second cf. 12 frames/second, respectively). [11, 25] It is also apparent from the studies that MPM still needs to be miniaturized to be used in a clinical setting, unlike OCT and confocal microscopy [15] . The additional cost of training and equipment must also be taken into account. However, as technology continues to advance, better equipment will be offered at affordable prices. Excitingly, dual-modality MPM is also at the advent stages for possible clinical application in the near future. [31] Future directions This review highlights the advantages and disadvantages of MPM, OCT, and CM, the main imaging tools used in real-time surgery for nerve-sparing RARP. We concluded that MPM is capable of providing high-resolution images with appropriate depth for visualization of the neurovascular bundle. It is, therefore, plausible that this modality can be employed for clinical use in the near future. However, there is still a need to miniaturize the system to integrate it into a live surgical setting. A further recommendation that could have significant prospects in the future is dual-modality MPM, which provides high-resolution images within an easy to handle scope and displays a large field of view during surgery.
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